ABSTRACT
tients were evaluated for NPC characteristics. Five linear measurements including width and length of NPC were performed on reformatted sagittal cross sections. The shapes of NPC were also classified in three groups according to Bronstein et al. classification in CBCT coronal cross sections. The effects of age and gender on measured dimension were assessed. Student's t-test, one-way ANO-VA/Tukey HSD tests, chi-square and Pearson's correlation coefficient were used for statistical analysis.
Results:
The study comprised 140 males (48.5%) and 161 females (53.5%) with mean age of 34.56±11.87. The mean length of NPC for men and women were 11.46 and 9.37 mm respectively, showing a significant statistical difference. Other dimensions of NPC and alveolar bone thickness were also greater in men with exception of buccal bone plate width in front of Stensen foramen (8.45±2.24 vs.
8.52±2.03 mm).Most of the cases showed Y-shape configuration. The diameter of oral opening of NPC (3.17±1.01 mm) was positively correlated with the patients age (r= 0.138, p= 0.01), while buccal bone over the oral opening of NPC (7.05±1.38) mm showed negative correlation with age (r= -0.199, p= 0.001). Conclusion: All NPC dimensions are meaningfully greater in men except for buccal bone plate thickness in front of Stensen foramen. The type of canal has no effect on dimensions of the canal.
Introduction
Currently, various implant procedures are considered as the method of choice for replacing missing teeth.
Dental implants spread among dentist all over the world since they could restore the functional and esthetic needs much more satisfying than previous prosthodontics measures. [1] On the other hand, placing a successful implant is a great challenge for dental clinicians. One of the most critical factors determining the success of any dental implant treatment is the receiv-ing bone status. [2] Quantity of bone and its shape provide necessary space for implant fixture. Quality of bone will determine the future stability and osseointegration success. Maxillary anterior teeth are of outmost esthetically important teeth. They are also very vulnerable to trauma especially in childhood. [3] Replacing these teeth is a challenge for dentists; therefore, repairing function, esthetic and phonetics must all be considered and satisfied. [3] Esthetic outcome is considered as an essential factor in implant dentistry and it could even surpass the functional aspects of the dental implant therapy in the anterior of maxilla. [4] Location and angel of implant would affect all these aspects. [5] [6] [7] A safe distance between critical anatomical landmarks and dental implant is also necessary for a successful and stable implant treatment. The nasopalatine canal (NPC) is a bony connection between the nasal and oral cavities and contains relative neurovascular bundle. The inferior (oral) end of the NPC is a circular opening called incisive foramen behind the maxillary central incisors. [8] [9] [10] [11] The superior (nasal) end of the canal usually bifurcates into foramens of Stensen. [9] As a normal variation, the NPC may be split into any number of canaliculi by a complete or incomplete bony septum. [10] [11] According to Jacobs et al., [12] surgical interventions in NPC area have been increased significantly. Awareness about the anatomical variations of the NPC is fundamental for avoiding neurovascular bundles damage. [8] [9] [13] [14] [15] [16] [17] To avoid injury to the nerve and vessel within the canal and its subsequent complications such as hemorrhage and sensory dysfunction, dental implants must be placed at an adequate distance from NPC. [12, 18] In addition to sensory dysfunction, neural tissue violation may result in failure of osseointegration. [19] [20] Meanwhile, cone beam computed tomography (CBCT) could provide thorough three-dimensional information regarding shape, location and dimensions of NPC and its relative variations if present. [18, [21] [22] [23] [24] This information is necessary for avoiding the complications during and after dental-implant surgery. [25] Rapid development and widespread use of CBCT in last decade provides valuable 3D information that has encouraged researchers to study anatomical variations of different maxillofacial structures, including incisive canal. [14-15, 18, 22-24] The aim of this study was to evaluate the morphology, dimensions and variations of NPC in CBCT images of dentulous adult patients. Buccal bone plate dimensions and the effects of sex and age on aforementioned items were also investigated.
Materials and Method
After receiving approval from Ethical Committee, the patients referred to a private Dentomaxillofacial radiology clinic for pre-implant CBCT evaluation were asked to participate in this cross sectional study. Four hundred and thirty patients enrolled in whom 301 patients (161 females, 140 males) met the exclusioninclusion criteria. The inclusion criteria were the age ≥18 years and having both maxillary central incisors. Table 1 . Table 2 . There was no statistically significant difference in canal type distribution according to the gender. The effect of the gender on measured dimensions was recorded on Table 3 . All NPC diminution including the length and the diameter of both nasal and oral opening (K3,K2 and K1) were significantly greater among men. Buccal bone palate thicknesses at the front of oral opening of the canal (K4) of men were also significantly greater than that in women. (Table 3) NPC dimensions as well as width of the buccal bone over the oral and nasal opening in different types of canal are shown in Table 4 . There were no statistically significant differences among various measured dimensions in different types of canal except for the diameter of nasal opening. Nasal opening of NPC in type B cases was significantly greater than type A.
( Table 5 ) NPC can occupy up to 58% of buccal bone plate width, which should receive and support the implants. precisely. [15, 19, 26] CBCT imaging is increasingly applied for preimplant radiographic evaluations. This technique of imaging is based on a cone-shaped x-ray source and a two dimensional detector, which preparing data in a single rotation around the patient head. Time and patient dose are considerably decreased comparing with conventional CT scans. [26] [27] Recently Jia et al. [30] evaluated the ridge configuration anterior to the NPC in dentate and partially edentulous individuals. According to the results of their study, the palatal concavity depth and angle were greater and bone height was shorter in partially edentulous patients. [30] In the study of Al-Amer et al., for avoiding the possible negative effect on the morphology of the IC, the edentulous cases during CBCT assessment of maxillary incisive canal and foramen were excluded from the study sample. [14] Unlike Dalili et al. [29] and Safi et al. [23] studies, the presence of both maxillary central incisors were considered as the inclusion criteria in the present study.
In accordance with Safi et al. [23] findings, Y-shaped canals in coronal cross sections of the present study was also the most frequent configuration for NPC (type C=46.5%). It followed intimately by single canal (type A=43.5%). Two parallel canals (type B) comprised only 10% of cases. The sequence and percentages are closely similar with those reported by Bronstein et al. [24] and Fernández-Alonso et al., [27] although different race were studied in their researches. This probably shows that canal shapes may not be affected by race.
Bronstein et al. [24] and Fernández-Alonso et al., [27] reported that buccal bone plate is affected by gender, although the geometric characteristics of measurements were different between these studies. Our results in this regard were in accordance with their findings.
Some studies evaluated the effect of presence or absence of maxillary anterior teeth on the width of buccal bone plate. [13, 24, 27] They mentioned that missing of maxillary anterior teeth would result in dramatic decrease in buccal bone plate width. In present study, all measurements were performed on dentate upper jaws.
Regarding the critical esthetic role of upper central incisors, most people prefer to benefit immediate implants for replacing these teeth. [14] Therefore, there will be usually no time for bone resorption, and normal dentate relationships should be considered.
It is worthy of mention that, based on the present study, the buccal bone plate width in dentate individual 
